Abstract : This study was conducted in the period of January 2014 to December 2015. The main objective of the study was to investigate the impact of climate change in the water basin and its catchment areas. The method was a survey of relevant literatures. Climate change is a big issue not only in developed countries but also in developing countries. The study found that the temperature is rising with 2.0 0 C on average per annum in western Nepal. This is relatively 3 times higher than lower temperature increase within the country and significantly higher in comparison to global trend of temperature variation. Over the last 36 years in western Nepal, temperature is rising on an average of 1.2°C per annum. This is twice as compared to the global increment. This indicates more vulnerability of climate change in hills and high hills of Nepal. The average rise of temperature in Nepal is 0.06 o C per year. The climate-induced disasters are; drought, severe floods, landslide, etc. They also have negative effects in agriculture in the hills and high hills of Nepal.
Introduction

C
limate change is an emerging issue across the world. Despite being a trans-boundary/global issue, it could not receive any attention until the book, The Limits to Growth was published in 1972. Interestingly and surprisingly, the book had raised a query about the sustainability of the Earth by analyzing twelve growth scenarios of global development over 200 years from 1900 to 2100, through the first use of world prediction model. Its key finding was the increasing natural depletion induced climate change. This would be the 'limits to growth'. Therefore, there was a strong warning that humankind will reach its limits of growth within 100 years if the world population and industrial development continue to increase, exacerbating resource depletion and the environmental deterioration (Behrens, Randers, Meadows and Meadow, 1972) . It was a great research on resource depletion, environmental deterioration and climate change and its relationship with the population and industrial growth. Further, over population and industrial growth were argued as key drivers of climate change. After that, climate change emerged as a concerning issue at that time.
After 15 years later in 1987, the Montreal Protocol captured this issue related to ozone layer depletion through the limitation of use of halogenated hydrocarbons. Furthermore, the United Nations through the Brundtland Commission (the World Commission on Environment and Development) followed this issue in 1987. The commission endorsed the concept of sustainable development for first time in the book, Our Common Future.
Gradually, the research successfully opened the eyes of the government. Thereafter, it received serious attention of the governments of the different countries.
Then, they requested United Nations to establish scientific intergovernmental body for further concerns. UN, UNEP and the World Meteorological Organization (WMO) in the framework of UNFCCC (United Nations Framework Convention on Climate Change) established the Intergovernmental Panel on Climate Change (IPCC) in 1988. Thus, this trans boundary issue was in the international treaty as UNFCCC had the objective of stabilization of greenhouse gases (GHG) in the atmosphere. It was the beginning of international response in terms of institutional development and framework and research activity on climate change. IPCC as UN's inter-government institution was a big achievement for climate change research.
There are two blocks of research available on climate change: institutional and individual research. IPCC has led to institutional research as follows:
In 1990, IPCC published the first assessment report on climate change and thematic issues after a comprehensive evaluation. The assessment report mentioned human induced emissions as drivers of substantial GHG concentration in the atmosphere and found further global mean temperature growth of 0.3 0 C per decade of business as usual (BAU). Over the last 100 years, the growth of global mean surface air temperatures was found to be in the range of 0.3 0 C to 0.6 0 C. This indicates climate change in the world (IPCC, 1990) .
In 1992, IPCC conducted further studies on climate change and produced a supplement report in which IPCC concluded no augmentation on our fundamental understanding of the science of the GHGs (IPCC, 1992) . In 1995, the IPCC explained the growth of GHGs concentration in the atmosphere due to human made and natural activities as drivers of temperature rise
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Climate Change at Global Level
Climate change refers to climate variability. Human society had not noticed this natural phenomenon until 1972. It happened in 1900 and before 1900 (Behrens, Randers, Meadows and Meadow, 1972) . Thus, the book, The Limits to Growth conceptualized natural resource depletion, environmental deterioration induced climate change. Large number of literatures (IPCC, 1990; IPCC, 1992; IPCC, 1995; IPCC, 2001; Ramos-Martin, 2001a; UNFCCC, 2002a; Rabindranath and Sathaye,2003; Owen and Hanley, 2004; Watkiss et al., 2005; Stern, 2006; IPCC, 2007; UNFCC, 2007; Elisch, 2008; and IPCC, 2014) refer climate variability to climate change.
Climate change is the variability of heterogeneous climatic variables such as temperature, sea level, raining etc. Over 200 years from 1900 to 2100, there was resource depletion and environmental deterioration (Behrens, Randers, Meadows and Meadow, 1972) . Ozone layer depletion is another aspect of climatic change (WECD, 1987) . Most of the warming (0.1 °C per decade) observed over the last 50 years is attributable to human activity (IPCC, 2001) . Furthermore, increase in global average air and ocean temperatures, widespread melting of snow and ice, and rising global mean sea level are evident (IPCC, 2007) . Salinger (2005) added the trends of climate variability in the twenty first century as follows: a) the regular rapid temperature increases in high latitudes of Northern Hemisphere, b) drying in Mediterranean areas, and c) increasing climate variability especially in sub-tropical and tropical latitudes. Hansen and Ruedy (2011) found that average annual temperature was higher in the winter than in the summer and higher over land than over the ocean. Its reason was the huge difference in temperature between low latitude and high latitudes in winter. Thus, climate change is aggregate change in climatic variables over long time.
Climate change in the world is global climate change (IPCC, 2001; Ramos-Martin, 2001a; UNFCCC, 2002a; Ravindranath and Sathaye, 2003; Owen and Hanley, 2004; Watkiss et al., 2005) . It is a global 'public bad', in which both physical and economic actions and their feedback determines potential risks to human and the environment. It is the classic example of a global stock externality -the flow of GHG emissions accumulates into a global carbon stock that poses risks to humanity around the globe (Owen and Hanley, 2004) . The growth of GHG concentration in the atmosphere is due to two drivers: human induced economic activities and natural activities (IPCC, 1995) . Human induced economic activities include construction, buildings, road development, agricultural, industrial and service activities for generating employment opportunities, welfare and higher economic growth rates. Its rate has been increasing with respect to the growth of population (Sterns, 2006) . Similarly, in natural activities, there is fire led deforestation. Thus, the growth of GHG concentration and climate change as global 'public bad' has positive correlation with over population/ anthropogenic activities and development.
The growth of global public bad is a threat, challenging humanity with negative implications on food production, natural ecosystems, fresh water supply, health, etc. Ravindranath and Sathaye (2003) . UNFCC (2007) established the adverse relationship between climate change and human activities by stating that climate change refers a change of climate affecting directly or indirectly to the human activities that change the composition of the global atmosphere, and then the natural climate variability observed over comparable time period. USGS (2007) has pointed out similar data but has specifically noted that climate affects every dimension of life on earth including human health and well-being, and agriculture, water and energy resources.
The distribution of climate change across the world is uneven. It distributes vertically and horizontally all over the world (Sterns, 2006) . Its impact depends on the variation on adaptation capacity and behavior as well as mitigation activities among countries (IPCC, 2001 and Sterns, 2006) . Horizontally, its impact distribution is across the world but vertically, its socio-economic impact is less in developed countries than developing countries. In other words, the developing countries are socioeconomically more vulnerable than developed countries based on adaptive capacity and behavior (Sterns, 2006 and IPCC, 2001a) . Adaptive capacity and behavior are determining variables in the distribution of its intensity, despite its horizontal distribution. Its higher adversities are further in human activities, particularly production, consumption and development activities. Measuring such adversities in different sectors has been studied by Hassan (2008) , Hanif, Syed, Ahmad and Malik (2010), Joshi and Thapa (2010) , Kurukulasuriya and Ajwad (2004) , Mendelsohn, Nordhaus and Shaw (1994) , Mirza and Schmitz (2011), Seo Mendelsohn, Dinar, Hassan and Kurukulasuriya (2009) , Seo and Mendelsohn (2008) , Shrestha, and Maharjan and Joshi (2012) . Its impact on agriculture is serious (Kurukulasuriya and Ajwad, 2004 , K.C., 2013 , and Seo and Mendelsohn, 2008 . These literatures have measured the impact of climate change empirically estimated by three popular approaches: a) Agricultural processing approach, b) Ricardian approaches and c) Profit functional approach. Thus, the higher intensity of climate change has adverse effects across the world and is a big threat to humans and nature.
Climate Change at National Level
Nepal is one of the least developing nations struggling to become a developing nation. It is not free from the issue of climate change. On this issue, there are numerous studies at institutional as well as at individual level on this issue. In addition, some empirical literatures on climate change and its impacts are reviewed. (Malla, 2008) . In addition to that, there are problems of frequent drought, severe floods, and landslides (Malla, 2008) . These findings of the study by Malla (2008) on the concept of climate change and its impacts on agriculture are based on secondary information.
Climate change has mixed effects on agricultural crops in Nepal. CO2 enrichment technology in rice and wheat at Khumaltar results the yield of rice and wheat increased by 26.6% and 18.4% due to double CO2, but the increase of temperature results the yield of rice and wheat by 17.1% and 8.6% respectively (Malla, 2008) . A crop simulation model (CSM) to study the effects of CO2, temperature and rain on rice and wheat in Nepal Agricultural Research Council (NARC) indicated the positive effect in yield of rice and wheat in all regions, but negative effect in maize especially in Terai. Further, it indicates the need of adaptive measures in Nepalese agriculture to mitigate the effects of climate change, to reduce the unpredicted natural disaster and distresses due to recent irregular weather pattern (Malla, 2008) .
Contrarily, there was negative effect of climate change on rice production and productivity, when there were variance impacts on the growth level of rice and its yield in the condition of raising a 1°C daytime maximum temperature and rising rice production by 27 kg/ha. When daytime maximum temperature increased to 29.9°C, the productivity declined. In higher average temperatures than this threshold, rice yields would probably lessen with any increment in maximum temperature. In the nursery stage of rice, rainfall had a strong negative effect on yield. Rice yield dropped in Nepal by about 5.2 percent relative to current production levels (Karn, 2014) . This result was of the study of Karn (2014) on the sensitivity of rice yields to changes in climate variables and the magnitude of potential impacts on rice productivity in the future. The study covered 20 districts of Nepal out of 75 districts, in Terai region by employing the panel data sets of a 25-year period of annual rice yields and daily observations on weather variables. The study used multiple regression method based on Ricardian method. Joshi and Thapa (2010) assessed the impact of climate change on Nepalese agriculture by using crosssection data of 656 farm household across 14 districts covering all climatic zones of Nepal, by employing Ricardian approach, in which net farm income was regressed only with climate variables in Model I and then with both climate and socio-economic variables. The explanatory variables included the linear and quadratic terms of precipitation and temperature for the four seasons (winter, spring, summer and the fall), household variables, land and ratio of irrigated land. The study also calculated marginal impacts of climate change on agriculture, both based on season and climatic zone, in order to explore the variation of effects on different seasons and climatic zones. The study found a significant impact of climate variables on net farms income per hectare across Nepalese farm household, indicating both positive and negative impact of precipitation and temperature. Net revenue of the farm is likely to be enlarged with low precipitation and high temperature during the fall and spring seasons, which are the major harvesting seasons of Nepal. Farmers were likely to increase their revenue with relatively low temperature and enough precipitation during the summer period. The socio-economic variables also have impact on net farm income. For instance, net farm income was likely to be high on irrigated farmland combined with obtaining farm credit. But small farms managed better and obtained higher net income per hectare than large farms. The marginal impacts of climate change on agriculture were found to be in line with the second model. However, there were few variations in the marginal impacts. For example, winter precipitation had positive impact on farm value in Model 1, but not significant on Model 2, while winter temperature had negative impact on farm value. The quadratic terms of spring and fall precipitations had positive impact on net farm income per hectare, but not in summer and winter precipitations. Likewise, fall temperature was likely to increase net farm income.
The marginal impacts based on the climate are found few significant variables. Annual precipitation was likely to increase crop output in hills but reduced in Terai. Finally, the study found some interesting results to understand the impact of climate change on Nepalese agriculture. As there was a variation in the impact of the climate change (i.e., change on precipitation and temperature) on agriculture in different seasons and climatic zones, policies are needed to address these negative impacts of climate change in the country. The study indicated the need of further study to measure the impact of climate change on agriculture by using more advance models such as agronomic-economic and Computational General Equilibrium (CGE) models. Acharya and Bhatta (2013) aimed to explore the time trend of agriculture gross domestic product (AGDP), use of agriculture inputs (chemical fertilizer, improved seeds etc.), precipitation, and temperature and their role in agricultural production of Nepal. The study used data sets of AGDP, agricultural inputs and climatic variables collected from 15 districts out of 75 districts for the period of 36 years (from 1975 to 2010) by using quantitative modeling.
The study found the statistical result of a significant positive relationship of rainfall to the AGDP in Nepal, where more rainfall means higher rate of AGDP growth and then higher rate of GDP growth due to the dominant contribution of AGDP in GDP. Furthermore, the rise in temperature might largely affect the AGDP. Their relationship was statistically insignificant. Similarly, seeds and chemical fertilizer inputs had no effect on AGDP. Their statistical relation was insignificant. The study observed that agricultural growth largely depended upon rainfall in developing countries like Nepal due to the lack of sufficient and reliable irrigation facilities. In case of rainfall, it was affected by temperature variation.
The study concluded occurrence of direct and indirect impact of climate change on the gross domestic product (GDP).
The study raised question on the stability of economic growth of Nepal due to the fluctuated monsoon-based growth. In drought, the study found negative impact on AGDP, energy output of the run-of-river hydropower and economic growth. Therefore, the study emphasized on the development of the irrigation systems, rather than the betterment of seeds and supply of funded biochemical manures. The spatial information should be used to bring forward the adaptive policies on the required areas within the nation to mitigate the consequences. Pant (2012) examined the impacts of climate change on food security in the country in the context of policies on commercialization of farm production in his paper on 'Climate change and Food Security in Nepal' based on literature review and analysis of secondary data. Time series of secondary data on agriculture, rainfall and temperature were collected from publications of the Ministry of Agriculture and Cooperatives (MoAC) and Department of Hydrology and Meteorology (DHM) and analyzed. Similarly, food production data was collected from MoAC. In the method of analysis, statistical and econometric techniques were applied. Bartlett, Bharati, Pant, Hosterman and McCornick (2010) examined how the impacts of climate change at different scales in Nepal (from household livelihoods to national food security) and how many institutions are employing adaptation. This study used theoretical literature review based on the secondary information and published materials. This study found the negative impact of climate change (CC) on water resources and then further on agricultural systems and food security. Such impacts are more critical to a least developed country (LDC) like Nepal. Therefore, it was relevant to draft and begin implementing national adaptation plans. Further, the study focused on effective adaptation in the integrated national planning across all sectors and new infrastructure development (e.g., irrigation, hydropower etc.) for longer term. For autonomous adaptation, the study focused more on building and expanding basic infrastructure at the local level, providing greater income diversification and access to markets. Such infrastructure would improve inter-connectivity between isolated communities, national government institutions and nongovernmental organizations (NGOs).
The study found that overcoming fundamental failures of governance and institutional effectiveness is possible through basic development and effective strategic adaptation planning and implementation. Therefore, the study indicated the need of capacity building on CC impacts in various government departments and ministries. Furthermore, developing water management strategies as well as agricultural diversification plans should be emphasized.
Climate Change at Local Level
Western Nepal is not free from climate change either. There are handful empirical studies on this part of Nepal, out of which most relevant studies are reviewed.
In western Nepal, temperature rise has been 2.0 0 C average per annum. It is relatively 3 times higher than the lower temperature of the country and significantly higher in the comparison to global trend of temperature variation. Over the last 36 years in western Nepal, average temperature rise is 1.2°C; that is twice more of the global average. It indicates higher vulnerability to climate change in hills and high hills (Acharya, 2012) . This is the result of Acharya's (2012) study on the impact of climate change on agriculture in Nepal using time series data via econometric model. Thus, climate change occurs in western Nepal. Bhandari (2013) examined the effect of precipitation and temperature variation on the yield of two major cereals (rice and maize) in Dadeldhura District of Far Western Development Region, Nepal by using rice and maize and two climate variables (temperature and rainfall). Data sets of these variables were collected from secondary sources of Dadeldhura District of Far Western Development Region using quantitative method.
He found that high temperature and low rainfall unpleasantly affected the rice and maize yield. There were some exceptional variety of wheat, millet and barley having tolerance in such climatic variations. They gave substantial yield. In recent days, climate change has severe consequences of agricultural productivity and production, specifically in developing countries like Nepal. Such consequences were heterogeneous with respect to a change in the level of temperature and rainfall. Sometimes it would be beneficial, while sometimes it would be harmful because of the changing season, altitude and type of crop. In this severe sensitivity, cereal varieties that are specifically adapted should be planted to mute the adverse effects of climate change. The government of Nepal should response urgently on two key options: the supply of timely climate information and the development of climate-resilience (temperaturetolerance). Therefore, future studies should analyze data in regional level to capture regional variations in yield with some other variables including rainfall and temperature to obtain a more comprehensive image on the yield of major cereals in Nepal. Pant (2011) discussed the potential economic impacts of the climate change on small holder farming communities in Nepal by using theoretical and empirical papers published in different journals. It was based on secondary information covering climate change, small holder farming and communities. It used literature review and deductive logic method.
He found direct and indirect costs of climate change and costs of adaptation to the farmers. In direct cost, there were cost of decreasing crops and livestock and increasing cost of production, along with cost from the increased risks of natural hazard. In indirect cost, there were costs of change in socio-economic conditions, lost opportunities for the improvement in living conditions, and adaptation costs. He indicated heavy costs of climate change, higher than the benefits of the farmers. In the benefit, there were shortening crop life cycle, increasing to growing seasonal time and carbon fertilization increasing the crop production.
The study focused on policy measures for reducing the costs of the climate change the farmers bear. The study argued the importance of interventions such as variety, drought tolerant livestock, irrigation infrastructure and suitable farming technology for the farmers. In addition, it emphasized on the creation of off-farm employment opportunities and found them less affected by climate change than the agricultural sources of income. It mentioned the need of farming system researches for identification of location, and endowment specific management tradeoff suitable for the poor farmers. It gave the importance of national and international policy measures for the compensating the farmers for the costs due to climate change, the need of public sector investment in agricultural production to safeguards the farmers from the vagaries of climate change, and the need of agricultural research program to develop technologies necessary for climate change adaptation. At the end, the study opened up new research areas of quantification of the costs and benefits of the climate change in relation to the farmers and also to the food security of the nation.
Conclusions
Climate change is an emerging threat in the developing world. The literatures indicate climate change in Nepal with 0.06 o C average per year temperature rise. In western Nepal, the temperature rise is 2.0 0 C on average. It is relatively 3 times higher than lower temperature within the country and significantly higher in the comparison of global trend of temperature variation. The climate change-induced disasters which are drought, severe floods, landslide, etc have negative impacts on agricultural farms, particularly rice and maize, and food security in the hills and high hills of Nepal.
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